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Abstract: The present study includes researches regarding the composition of rosemary essential oil 
depending on the age of the plant. The essential oils were extracted from 4 samples of plant material having 
different age, using the hydrodistillation technique. The analyses of the composition of essential oils were carried 
out by using a GC-MS system. The chemical constituents of the essential oil were separated and identified using 




Rosmarinus officinalis  L. (Lamiaceae) is a small evergreen plant which grows wild in 
most Meditarranean countries, reaching a height of 1.5m. Essential oil of R. officinalis, 
known as rosemary oil, is an almost colorless to pale yellow liquid with a characteristic, 
refreshing and pleasant odor (Atti-Santos et al., 2005). The composition of rosemary oil has 
been the subject of considerable study, the major constituents of the rosmery oil reported in 
literature being α-pinene, 1,8-cineol (eucalyptol) and camphor (associated with variable 
amounts of camphene, limonene, borneol, verbenone, etc.) (Angioni et al., 2004; Atti-Santos 
et al., 2005; Lo Presti et al., 2005; Rezzoug et al., 2005; Katerinopoulos et al., 2005; Pintore 
et al., 2002). Plant secondary metabolites, such as essential oils, are known to possess 
insecticidal, antifungal, acaricidal, antibacterial and cytotoxic activities. Therefore, they are 
intensely screened and applied in the fields of pharmacology, pharmaceutical botany, medical 
and clinical microbiology, phytopathology and food preservation (Celiktas et al., 2007; 
Daferera et al., 2000; Gachkar et al., 2007).  
The rosemary oil is used as a seasoning for food stuffs, such as meat, salami, sauces 
(Lo Presti et al., 2005), but due to its chemical active constituents properties it is also used as 
an antioxidant (for food preserving), antibacterial and antifungal agent against some spoilage 
organisms (Rezzoug et al., 2005). The oil is also used in traditional medicine as tonic, 
pulmonary antiseptic, choleretic and colagoguic agent (Pintore et al., 2002).  
The chemical composition of a plant essential oil depends on a number of parameters, 
such as environmental conditions, the season that the aromatic plants have been collected, the 
dehydration procedure, the storage conditions under which the collected plants were kept until 
their essential oil extraction, the applied method for the isolation of essential oil, the analysis 
conditions (column, temperature program, etc.) which are used for the identification of 
compounds (Daferera et al., 2000). 
In the present paper we report the results of a study aimed to establish and compare the 
composition of several rosemary essential oils extracted from fresh or dried leaves of plants 




 MATERIALS AND METHODS 
 
The researches were carried out in the Food Quality and Safety Testing Laboratory 
(FQSTL) from the University of Agricultural Science and Veterinary Medicine from Cluj-
Napoca. The first objective of our study was to establish the chemical composition of the 
rosemary essential oils and than to show if there were any differences between the 
compositions of the rosemary oil samples. 
Plant material. The four samples of rosemary leaves were collected in August 2007 
from the green-house of our university. The samples were codified as follows: R2004-aug07 – 
rosemary 3 years old; R2005-aug07 - rosemary 2 years old; R2006-aug07 - rosemary 1 year 
old; R2007-aug07 - rosemary from year 2007. A part of the collected leaves were air-dried, in 
a cool dark place. The average moisture content for the dry plant material was 11,69%  and 
for the fresh leaves was 72,12%. 
Essential oil extraction. The essential oils were extracted by hydro-distillation as 
follows: 40g of grinded dried or fresh leaves and 600 ml distilled water were placed in the 
distillation flask. The distillation time was 3 hours since the distillation begins. At the end of 
extraction the obtained essential oil was collected and measured. The volume of essential oil 
isolated from sample R2004-aug07 fresh leaves was 0.24 ml, respectively 0.99 ml for dried 
leaves; from sample R2005-aug07 fresh leaves 0.20ml and 1.01ml for the dried leaves; from 
R2006-aug07 fresh leaves 0.23ml and 0.70ml for the dried leaves; from R2007-aug07 fresh 
leaves 0.31ml and 1.05ml for the dried leaves. After extraction the essential oils were stored 
in refrigerator until chemical analysis. A 2% essential oil in hexane solution was prepared 
from each sample in order to be analyzed by GC-MS. 
Chemical analysis. The essential oil samples were analyzed by GC-MS. The analyses 
were carried out on a Shimadzu GCMS QP-2010 model gas chromatograph – mass 
spectrometer equipped with an AOC-20i series autosampler. An Alltech, USA, AT-5 capillary 
column of 30m x 0.25mm i.d. and 0.25µm film tickness was used for the analysis. GC 
temperature program: 50.0oC (2 min) to 250.0oC (10 min) at 3oC/min. Injection temperature: 
250.0oC. Injection volume: 1.0µL. Pressure: 37.1 kPa. Linear velocity: 32.4 cm/s. Split ratio: 
1:50. Carrier gas: helium. Detector: MS Ion source temperature: 250.0oC. Interface 
temperature: 250.0oC. MS mode: EI. Mass range: 40-400u. Scan speed: 769u/s. Data were 
acquired by GC/MS solution software (Schimadzu).Components were identified on the basis 
of their mass spectra using the NIST147 and NIST27 GC-MS libraries. 
 
RESULTS AND DISCUSSIONS 
  
 The table 1 shows the volumes of essential oil obtained through hydro-distillation, 
calculated for 100g of dry matter. The volumes range between 1,75ml and 2.63ml and 
between 1,69ml and 2,55ml for the dried leaves and for the fresh leaves, respectively. The 
quantity of rosemary essential oil extracted from dried leaves is in general higher than that 
obtained from fresh leaves, excepting the R2006-aug07 sample, for which a larger quantity of 
essential oil was obtained from the fresh leaves. The essential oil volumes were calculated on 
dry weight, their variability could not be ascribable to the water content. 
 
Table 1. Rosemary essential oils volumes obtained through hydro-distillation, calculated on dry weight. 
No Sample Essential oil volume (ml) 
(dried leaves) 
Essential oil volume (ml) 
(fresh leaves) 
1. R2004-aug07 2,475 2,20 
2. R2005-aug07 2,525 1,69 
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3. R2006-aug07 1,75 2,36 
4. R2007-aug07 2,625 2,55 
 
The volatile profile of the rosemary essential oil extracted by hydro-distillation is 
shown in the GC-MS chromatogram illustrated in figure 1 and 2. It must be noted that 
excepting 6 compounds (see table 2), the same 16 constituents were identified for all samples 
(the differences were observed in their quantitative values). 
 
Figure 1. GC-MS chromatogram of R2006-aug07 dried leaves essential oil. For peak identification see table2. 
 
 
Figure 2. GC-MS chromatogram of R2004-aug07 fresh leaves essential oil. For peak identification see table2. 
 
A total of 22 components, listed in table 2, were separated by GC-MS analysis. Alpha-
pinene (32.34 – 47.49%), 1.8-cineol (eucalyptol) (15.16 – 18.75%), camphor (7.70 – 14.66%), 
camphene (4.62 – 6.83%), β-myrcene (5.53 – 7.02%), limonene (3.14 – 4.85%) and β-pinene 
(1.33 – 3.84%), were the most representative. The identification of the separated compounds 
was made by retention times and mass spectra using the NIST147 and NIST27 GC-MS 
 408 
libraries. The concentration for each compound is expressed as percent from total 
composition. 
 
Table 2. Constituents of rosemary essential oil extracted from samples of different age. 
Concentration (%) 
R2004-aug07 R2005-aug07 R2006-aug07 R2007-aug07 


















1. α-pinene 9.162 44.69 32.34 43.49 38.26 47.49 38.93 44.59 39.30 
2. Camphene 9.734 6.33 6.83 4.62 5.46 5.67 6.00 5.30 5.73 
3. β-pinene 10.926 1.33 2.79 2.14 3.84 2.66 3.81 1.99 3.05 
4. 3-octanone 11.384 3.61 5.34 5.02 5.36 4.62 4.99 5.66 6.30 
5. β-myrcene 11.608 5.53 5.91 7.02 6.89 5.76 6.57 6.26 6.55 
6. 3-Octanol e 11.821 - 0.14 - - - - - - 
7. α-Phellandrene 12.167 0.93 1.71 1.32 1.64 1.16 1.42 1.19 1.13 
8. N.I.a 12.374 0.67 0.87 0.65 0.75 0.59 0.77 0.65 0.74 
9. o-Cymene 13.092 2.03 3.05 0.58 0.59 0.65 0.75 0.51 0.48 
10. Limonene 13.313 3.14 4.85 3.66 4.74 3.66 4.64 3.45 4.07 
11. Eucalyptol 13.424 17.81 15.16 18.75 16.58 17.10 17.03 16.48 16.95 
12. N.I. a 14.731 0.81 1.67 0.99 1.43 0.94 1.43 0.96 1.34 
13. Terpinolen  16.159 0.16 0.26 0.25 0.39 0.21 0.37 0.27 0.38 
14. N.I. a 16.725 - 0.18 0.24 0.39 0.22 0.31 0.31 0.37 
15. Camphor 18.881 10.96 14.66 9.82 10.73 7.70 10.36 10.63 11.42 
16. Isoborneol c 19.922 1.43 2.71 0.65 0.89 0.60 0.98 0.68 0.83 
17. N.I. a 20.508 - 0.21 - 0.16 0.08 0.14 - 0.14 
18. N.I. a 21.142 0.32 0.35 0.30 0.41 0.17 0.37 0.28 0.28 
19. D-verbenone b 22.027 0.26 0.42 0.33 0.47 0.23 0.33 0.32 0.28 
20. N.I. a 22.742 - - 0.20 - - - - - 
21. Bornyl acetate d 25.773 - 0.16 - 0.80 0.33 0.69 0.46 0.66 
22. N.I. a 31.918 - 0.17 - 0.22 - - - - 
a
 – not identified 
b
 - tentative identification, MS data: m/z 107 
c
 - tentative identification, MS data: m/z  95 
d
 - tentative identification, MS data: m/z  41 
e 
– tentative identification, MS data: m/z 59 
 
The major constituent of all rosemary essential oil samples is α-pinene. The essential 
oil extracted from the dried leaves samples is richer in α-pinene (43.49 – 47.49%) than the 
essential oil extracted from the fresh leaves samples (32.34 – 39.30%). An increase in α-
pinene content can be observed from R2004-aug07 to R2007-aug07 for fresh leaves samples. 
In the case of dried leaves samples, the higher content in α-pinene was found in R2006-aug07. 
Also, the camphene, β-pinene, 3-octanone, β-myrcene (excepting R2005-aug07 sample), 
limonene and camphor concentrations are higher in the essential oil samples from fresh leaves 
than those from dried leaves samples. Instead, the essential oil extracted from the dried leaves 
samples (except the R2007-aug07 sample) is richer in eucalyptol than those from fresh leaves. 
Another major compound found in the essential oil samples is camphor. It can be 
observed a decrease of its concentration from R2004-aug07 to R2006-aug07 dried leaves 
samples and than an increase in sample R2007-aug07 dried leaves. The larger quantity of 
camphor was found in R2004-aug07 sample (dried, respectively fresh leaves). The camphor 
content follows the same pattern for the fresh leaves samples.  
The compound present at RT = 11.821, 3-octanol (tentative identification), was 
separated only for the sample R2004-aug07 fresh leaves. Also, for the fresh leaves samples 
R2004-aug07 and R2005-aug07, a N.I. compound (RT=31.918) was separated.  
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As it can be seen in the chromatogram illustrated in figure 1 and 2, the peaks 
corresponding to limonene and eucalyptol are not well separated. For a better separation of 
these two compounds, a further optimization of the analysis conditions (e.g. temperature 




An number of 16 constituents from 22 separated, were identified in all eight samples. 
A larger number of compounds were separated from the essential oil samples obtained from 
the rosemary fresh leaves than from those extracted from rosemary dried leaves.  
According to G. Pintore et al., 2002, two major types of rosemary essential oil can be 
distinguished with respect to α-pinene, 1,8-cineol and camphor: oils with over 40%  of 1,8-
cineol (oils from Moroco, Tunisia, Turkey, Greece, Italy, France) and oils with approximately 
equals ratio (20-30%) of 1,8-cineol, α-pinene and camphor (oils from France, Spain, Italy, 
Greece, Bulgaria). None of the rosemary oil samples that we studied can be included in the 
above mentioned classes. Our rosemary oil contains a high amount of α-pinene (over 30% for 
the fresh leaves samples and over 43% for the dried leaves samples) and is richer in 1,8-cineol 
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